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1 . Title ef loF*oi ioi 

Hermtic FiieTall For MEMS Packaging Ii Flip-Clip Bcided Gccnetiy 

2. Claims 


1- A package haying a cavity with a bright far homing a nAap-dectmniedianical 
systems (MEMS) device and sealing the MEMS device in the cavity to protect die 
MEMS device against d el e teri o us conditions present in an environment of the 
5 package, comprising: 

a first substrate for defining a base on which the MEMS device is febrkattd; 

a firewall fabricated on the first substrate and having a bottom surface engaged 
with the first substrate, said firewall forming walls of the cavity which extend 
upwardly away from the bottom surface, for tally surrounding the MEMS device 
10 within the cavity which is bounded and formed by the firewall and the first substrate; 

a second substrate bonded to the first substrate over the firewall ar*i in sealed 

engagement with the firewall for creating a rjvtty- rfn«ng g*a1 forth* rsnnty within whW4i 

the MEMS device is fiiOy enclosed against the deleterious conditions present in the 
15 rniracment of the package so that the MEMS device is be packa^d protected^ within 
the cavity and remote from the dWetoious conditions. 

X The p a ckage of claim 1, further comprising a plurality of spacers formed an 
either one or both af the two substrates to predcternnneabry space apart the two 
substrates and thereby define a height of the cavity, and wherein the second substrate is 
20 placed over the cavity m farther scaled eng^^ 

3. The package of claim I, wherein the seal is & hermetic seal 

4. The package of claim 3, wherein the hermetic seal c ompris es a thin film metal 
matenal overlaying at feast a portion of a top surface of the firewalL 

5. The package of claim 4, wherein the hermetic seal comp oses a tfam film "frfitsl 
25 material soldered to the top surface of me firewall to produce the hermetic seal having a 

mechanical strength and imparting structural integrity to th e package 
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6. The iwjmyjn of dam 5. further comprising a. plurality nf anWtgr hmnp? f*h,\t-m^ 
PC the first substrate for providing nwh * m«J mfgrrty tn lh~ p» r foj*» to faypplgwr* the 

mecfaamcal strength provided by the hermetic seal and thereby assure sufficient 

5 7. The package of cUim 6, wherein the thin film metal material comprises gold. 

8. The package of claim 6, wherem the tr^ 

compnaea silver. 

9. The package of daim 6, wherein the thin f2m metal material comprises an alloy 
of gold. 

10. The package of chdm 6, wherein the thin film metal material comprises an alloy 
10 ofsttver. 

11. The package of daim 1, wherein the firewall comprises ^In-muting D f 
pory-sffioan and sificon dioxide «nc»p«ibrt^ by poJy-sflicon. 

12. The package of daim 1, further comprising R»«yr"r*1 leads connected to the 
MEMS device m the cavity and extencfing through the firewall 

15 13. The parAage of claim 12, wherem the electrical 

layer surrounded by a silicon dioxide layer which is farther surrounded by another 
layer of poty -silicon. 


3. Detailed Descriitico of lavcnLisa 
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Ffefeiof the EnvwafrnH 

The present invention relates to packaging for miero-deUj om ec haiU C Bl 
5 systems (MEMS) devices. More specifically, the present invention relates to 
of MEMS devices in flip-chip banded geometry to provide hermetic seals 
for the MEMS devices. 

Drarriprton of fheRebdcd Art 

MEMS devices have become ubiquitous in the semiconductor industry and are 
10 used in hybrid electrical and mechanical functions mat are necessary in many 
ctertronic and ekctro-optical systems. Packaging MEMS devices in such systems is 
in general a costly process. Because mechanical motion is an essential part of the 
MEMS function, a carefully designed space for the motion is needed in order for the 
MEMS device to operate reliably. Conventional packaging hxhniqnts used for 
15 CMOS electronics are performed after the CMOS devices are appropriately protected 
using proper passivation material. Such passivation procedure protects die devices 
from the panging pro ce sse s that are usually mechanically and chemically harsh. 
After device passivation, packaging is performed by injecting either molten plastic or 
epoxy over the CMOS chip. Since the CMOS function relies purely on the electronic 
20 properties of silicon, such a packaging process does not i nterfere with device 
performance. However, these packaging techniques usually involve treatment of 
semiconductor chips using a fluid, and are th ere fo r e not compatible with MEMS 
device operation. For mis reason, expensive ceramic packaging has usually been 
chosen over cost-effective plastic molded packages for MEMS devices. 

25 Most MEMS devices need to operate in a controlled environment to achieve 

o ptimum device perfoc r™ 1 *^ and reliability. 55nmft examples of controlled 
environments rnrfrwV controlled pressure (vacuum), reFnfr^flfd humidity, and 
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controlled chemical (typically a special gas) cnyiranmenis. Packaging MEMS devices 
. cost-effectively under these conditions is desired m the art, but doe to the 
complexities and sensitivities mw** 3 **** with operation environments of MEMS 
devices it is often a difficult or impractical task. 

5 It is also essential that such cost-effective MEMS packaging technology be 

compatible with CMOS p^^ag^S technology. This is important because CMOS 
technology is already xnatsce and commercially available. Moreover, the need to 
integrate MEMS devices with CMOS technology is becoming increasingly important 
in order to add functionality to the CMOS chip that simple CMOS devices cannot 

10 provide, and to provide control of MEMS devices using CMOS integrated circuits. 
Most CMOS packaging techniques wherein wet chemistry and high-pressure fluid 
flows are used, however, are detrimental to MEMS devices. Urns, current CMOS 
P^png techniques will not adequately protect the MEMS devices during the 
packaging process. 

15 Accordingly, mere is a long-felt, but unresolved need in Che art for MEMS 

pnrfeaghig twiiiriq np* which hermetically seal the MEMS devices so mat they can 
effectively be incorporated in CMOS and other hybrid drcoits. The packages should 
be cost-effective and ensure that electrical connections to or w3h the MEMS devices 
can be achieved without breaching the integrity of me package. Moreover, such 

20 ps»ffayg should be easily iute gr a t a hle wait current semiconductor fabrication 
processes and be compatible with conventional CMOS parkagmg methods. 

giaiumiTy Of The Imtiahit 

The present invention provides a novel packaging technique that enables 
conventional CMOS u*uceduies be used to package MEMS devices, ft also 

25 provides means to control the op erati on envir o nm ent of the MEMS devices at the 
same time. The inventive packages produce a protected cavity around the MEMS 
devices which b created by a a flip-chip bonding process. In a preferred 
embodiment, a firewall is fabricated on a first substrate around the MEMS device to 
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enclose the MBMS device within the cavity bounded by the fircwalL Another 
- substrate is then flip-chip bonded id the first substrate that holds the MEMS device. 
This second substrate may bokl other MEMS devices to complete the structure or 
f unction ality of the overall hybrid circuit, may hold CMOS electronics to control the 
S MEMS device^) on the first and/or second substrate, or may serve purely as a 
mrchamral 'cover* of the MEMS device firewall. A gap between the two substrates 
is accurately controlled by the height of the firewall itself, by spacers of known 
height, or with spacers in conjunction with the height of the firewalL The spacers can 
be fabricated mrifrtmrtntfl y on the substrate, in which case they will not form a 
10 portion of the firewall per se. In a ui e fcxr e d embodiment, the cavity is hermetic, 
which* means mat the cavity is seated against the environment of the p y^gr to 
protect the MEMS device from any d elete rious ^"^it^^ff fo und or p resent in flic 
environment of the p yfrggp 

Upon flip-chip bonding of the two substrates, the firewall seals off the space 
IS immediately around the MEMS deviceCi). At the same time, mechanical support and 
integrity is provided for the package by the bonded substrates throu g h appropi ate 
bonding techniques. In stffl a former preferred embodiment, the hermetic firewall 
itself provides the mech a nical support for the p****^ Still more preferably, 
independent structures arc provided to the package to give the package its additional 
20 mechanical support. Once the cavity has been craled by the firewall and the MEMS 
device is protected accordingly, die hybrid chip containing the MEMS device in its 
package can be farther packaged using conventional CMOS p=**»ging technology. 

The inventive p^^frffft for MEMS devices are simple to hnplement and can 
easily be performed with conventional CMOS nagging technology. Moreover, 
25 packages provided in accordance with the present invention may hermetically seal 
MEMS devices mom deleterious effects found in a p»«*»p"g environment which 
could damage the MEMS devices. Hms, die packages disclosed and cUhned herein 
efficiently protect MEMS devices so that these devices can function robustly when in 
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These and other features of the present invention will become apparent from 
• the following detailed description considered in conjunction with the accennpanying 
drawings. It is to be understood, however, that the drawings are designed solely for 
purposes of illustration and not as a definition of the limits of the invention, tor which 
5 reference «>*miH be made to the appended churns. 

Other o b j ects and features of the present invention will become apparent from 
the following detailed des cr ipti on considered in conjunction with the accompanying 
drawings. It is to be understood, however, that the drawings are designed solely for 
purposes of iflustratkm and not as a definition of the limits of the invention, tor which 
10 reference should be made to the appended claims. It should be further understood 
that the drawings are not necessarily drawn to scale and that, unless otherwise 
hrijeated, they are merely to conceptually illustrate die structures and 

procedures described herein. 

Brief Dttcilutlnn Of Thelh'awlnjg 

15 In the drawings, wherein like reference numerals identify similar eksments 

throughout the several views; 

Figure 1 is a schematic, cross^ecrnmal view of a hermetic firewall package 
for enclosing MEMS devices in accordance whh the present invcimoo; 

Figure 2 is an elevated pcrepective view of a hermetic firewall MEMS package 
20 wherein the firewall serves as a spacer while mechanical support is provided by solder 
bumps outside of the firewall; 

Figure 3 is a perspective view of a heoeetic firewall MEMS package of the 
mvention wherein the firewall memoes a ring-shaped solder seal that provides the 
mechanical support and spacers are provided separately; 

25 Figures 4a~c depict a schematic process of solder bump or ring-shaped solder 

seal; and 
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Figure 5 is in elevated perspective view of a hermetic firewall MEMS package 
. of the invention wherein a double- walled structure a implemented and wherein an 
inner wall provides the MEMS sealed environment while an outer wall inchnks a 
ring-shaped solder seal that provides a second hermetic seal and m«rh»ni«ii support 
5 tor the package. . 

Referring now to the drawings, Figure 1 depicts a schematic cross-sectional 
view of the hermetic firewall structure of the present invention MKnfif**\ by the 
general reference numeral 10. The p^fag* 10 comprises a cavity 20 tor enclosing a 

10 MEMS device 25 or several MEMS devices, AywiH^g on the particular hybrid 
circuit application in which the MEMS device(s) will be mfPgral»H In a preferred 
embodiment, a firewall 30 is fabricated on one or both substrates 40 and 70 on one 
of which the MEMS device is fabricated. The firewall 30 includes a tap surface 50 
and a bottom surtace 60. The package 10 further compiles a second substrate 70 

15 which is bonded to the first substrate through the firewall 30 formed on substrate 40. 
The second substrate 70 contains a mating seal to the firewall 30, which complete the 
firewall structure. Preferably, the second substrate is "flip-chip" bonded to substrate 
40, using a suitable bonding technique, A preferred bonding fwfrnwp * is a heat- 
based process wherein a material such as a metal or plastic resin is placed between 

20 two parts to be welded together and healed to melt or soften the material. When the 
material thereafter hardens, a strong, resilient seal is created between the two pieces. 
Substrates 40, 70 are conventional substrates used to fabricate CMOS electronic 
devices. Soch substrates usually ammrise silicon, although it will be recognized by 
those skilled in the art that the substrates may, tor example, comprise GaAs, Ge or 

25 other semicon du c to r materials, or rnsulating material* such as quartz, atnrnina, or 
sapphire. For ease of description bereinbelow but without mt e ad ing to limit the 
invention, it will be assumed that the substrates are silken substrates. 

The firewall 30 is fabricated around the MEMS device 25, md may be fabricated 
on either of the substrates 40, 70. The height of the firewall 30 can be precisely 
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controlled to thereby control the spacing b e twe en the two substrate*. For some MEMS 
devices, the sparing may be an integral part of the MEMS device fi™****^ while in 
others it has to be simply large o»ugh to accommodate the MEMS devices in the cavity 
20. A sealing material is employed atop the firewall 30 to produce a hermetic seal 80 

5 fix the cavity 20. The sealing material is preferably a thin film metal material and is 
placed an at least a portion of the top SO of firewaD 30 to seal the cavity 20 when the 
second substrate 70 is flip-chip bonded to first substrate 40. During the mp-dnp 
bonding process, the welding material! an both sides of the substrates are h ea t ed and 
pressed together, resulting is a tight henncte seal between the fiip-cinp bonded 

10 substrates 40, 70. After the flip-chip bonding process, cavity 20 is bounded and formed 
by the firewall 30 and substrates 40, 70 and encloses a small space around the MEMS 
device 25. This leaves the MEMS device 25 intact and protected from subse qu ent 
packaging processes performed outside cavity 20, which might involve fluid treatment 
that have ddctcrioui effects an the MEMS device 25 

IS The hermetic firew alls of flic present invention can be fabricated using the 

same process that is employed for fabricating MEMS devices. In an example of 
MEMS devices fabricated using silicon surface micromarhining technology, the 
firewalls may be made up of alternating stacks of porycrystalline silicon and silicon 
dioxide, encapsulated by pcdycrystalline silicon. Another alternative is to use a 

20 material that is deposited or spin-coated and patterned on a substrate using a 
lithography technique. Some examples include silicon nitride, rxrtyimide and metal. In 
all cases, the material comprising the firewall 30 must have the desired chemical and 
mechanical strength to create a hermetic seal between the substrates and the firewall 
and to pr otec t the MEMS device 25. Using ra frfr techniques, the height of the walls 

25 can be defined precisely. 

In a preferred embodiment depicted in Figure 2, a hermetic seal 80 between 
the firewalls on first and second substrates can be formed by evaporating a soft metal 
such as gold, silver, or their alloys onto the tup of firewall 30, and pressing down on 
the metal surface in a heated environment. The heated environment may be created 
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daring the flip-chip bonding process of the first substrate to the second s ubstrate 
. itself, or by an inde peodent haling ar soldering process known to those skilled in the 
art. However, creating such a seal 80 usually does not provide enough mechanical 
strength to hold the together and to provide mechanical integrity to the 

S package 10. A stronger wwrh»mc»i seal may be achieved using stronger solder, 
whka is used in conventional flip-chip bonded techniques. When it is 

desired to use additional solder to provide a stronger mechanical support, a plurality 
of solder bumps 90 can be bonded to the first substrate 40 which win provide 
vr**4*amrai support and integrity to the package, when the second substrate (not 

10 shown in Figure 2) is flip-chip bonded to the first substrate. Alternately, the solder 
bumps 90 may be bonded to the second substrate which is simply a matter of design 
choice. 

Of critical unpo r tancc in die fabrication of r^^ff- for MEMS devices in 
acco rdance with the present invennon is that the electrical connection to the MEMS 

15 device 25 with tte rest of the circuit most tmrnc firewall 30 without breaching the 
hennata? seal «irin»wig the cavity 20. hi a preferred embodiment, electrical leads 100 
competing file MEMS device 25 to the rest of the circuit are inserted through firewall 
30 during the MEMS fabrication process. In this case, for rrauplrr. the leads can be 
made up of heavfly doped conductive porycr ystallme silicon, encapsulated by silicon 

20 dioxide layers to achieve electrical MnfatWwi In another preferred eiiixxliinent, the 
ekctrical leads 100 can be placed undenaam the firev/all. Alternatively, leads 100 
may be secured to the strand aulwtmitt 70 mat contains CMOS circuitry, fox example, 
thereby alleviating the need to breach or otherwise corrupt the firewall 30 by 
requiring the leads 100 to physically traverse therethrough. In mis case, vertical 

25 electrical connection between the MEMS device 25 on substrate 40 and the electrical 
leads on substrate 70 has to be fabricated. Such connection can easily be achieved by 
means of solder bumps or metallizing independent spacers 120 (Figure 3). 

In the ernfaodiment of Figure 2, the firewall 30 oomprises stacks of poly- 
silicon and silicon dioxide layers. The firewall 30 itself also serves as a spacer for 
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cavity 20 to control the gqj between the two substrates 40 and 70 so that cavh} 20 has 
. a height defined by the hejgbt of firewall 30. Mechanical strength is provided by 
independent solder bumps 90 placed outside the firewall 30. The solder bumps 90 
may be placed at any convenient location on either or both of substrates 40, 70. The 
5 electrical leads 100 preferably comprise poly-affiam surrounded by silicon dioxide 
layers , encapsulated by another byer of poly-silicon. 

Figure 3 depicts yet another preferred embodiment of the package 10 of the 
present invention having a hermetic firewall 30. A metal film as described above is 
evaporated on top 50 of the firewall structure and will form the hemwio seal 80 far 

10 the cavity 20. Hie solder material is ^t^**^ on top 50 of firewall 30 to produce a 
solder seal 110 for cavity 20. When the solder seal 110 is made, it provides both the 
henneojexty and inechanical strength necessary for the flip-chip bonding process to 
produce a sturdy, strong hermetic package. Independent spacers 120 may also be 
provided to accurately define the required gap or y"*g between the substrates. 

15 Spacers 120 may be fabricated on either or bota of substrates 40, 70 and may be 
placed at arbitrary ^^^nm thereon. 

v The process of solder bump or ring-shaped solder seal ii schematically shown 

in Figures 4a-4c In all preferred embodiments utilizing solder bump or ring-shaped 
solder seal bonding, the height of the spacers 120 are mtentionally made higher than 

20 the solder bumps. For the solder bump preparation, one can deposit solder 75 onto a 
larger footprint than metal pad, over a dielectric layer 85 that fee solder does not wet 
(Figure 4a). Upon heating, the surface tension wiD increase the solder bump 90 height 
and decrease its footprint (Figure 4b). This rnechanism enables die solder bumps 90 to 
make contact to the mating metal pad 95 on the other substrate. Upon cooling, the 

25 solder shrinks and actively pulls the two substrates together (Figure 4c). This process 
guarantees an intimate connection between the spacers, and precise separation 
between the two substrates. 

One disadvantage of the embodiment of Figure 3 b that if any fiux material 
(either in the gas phase or the liquid phase) is n ecess ary for solde ring , the MEMS 
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device 25 will be exposed to this environ trcnL This might not be detrimental to 
MEMS device 25 if tbe proper flux is used, but will limit the ability to provide a 
controlled environment tor the MEMS device. 

Figure 5 depicts still another preferred embodiment of the package 110 
5 containing a hermetic firewall of the present invention. In this embodiment, a 
double-walled firewall structure is fehrirsfcrf an either substrate 40, 70. The inner 
wall 130 is similar to that of Figure 1 wherein metal layers 80 are eposimd on the top 
50 of firewall 30, and provide the appropriate spacing for cavity 2a An outer wall 
140 is similar to the firewall 30 of Figure 3 wherein a layer of solder material 110 is 

10 deposited on the top 50 of firewall 30. The nwhaniw^ strength for the resulting 
package is provided by the outer wall 140. In this embodiment, the inner wall 130 is 
bonded to either substrate 40, 70 with a "tack" bond between two metal layers 80 that 
is created by applying pressure between the two substrates at a low temperature as 
compared to the melting temperature of me solder of seal 110. When this process ts 

15 accomplished in a controlled environment, the space mxpunlatrd by the inner wall 
130 maintains this environment and is sealed off. After the low-Cernperature tack 
bonding is accomplished, it is possible to simply heat up the substrate 40 or 70 to a 
temperature snfficiem to melt the solder to thereby form the solder bond on outer wall 
140. The double-walled firewall of Figure 4 thus advantageously protects MEMS 

20 device 25 from the deletsrious effects of the soldering process. 

The crrvmmrnent within tbe cavity defined by the firewall can be controlled by 
performing the flip-dap bonding process under the ^jum ^ environment. Such d es ir ed 
environment may mctade, fin* example, controlled pressure, controlled humidity, and 
controlled gas chenxstries. Tbe cavity 20 created by this fli p -dri p bonding process 
25 protects the MEMS devices, so mat the flip-chip bonded substrates can now be further 
packaged using con v entional pwfc ■fling trdroignf* mat might otherwise be detrimental 
to the MEMS devices. 

While there have been shown and described certain fundamental novel features 
of the invention as applied to preferre d embodiments thereof, it will be understood 
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flat various amissions and sub stituti ons and Hiatgrpg in the methods and apparatus 
. described herein, and in their ope ra ti on , may be made by those skilled in (he art 
without departing from the spirit and scope of the invention. It is expressly intended 
mat all pnnminattons of those dements and/or method steps which perform 
S substantially the same function in substantially the same way to achieve the same 
result are within the scope of the invention. Substitution of elements from one 
described embodiment to another are alio fairy intended and contemp lated It is the 
intention, therefore, to be limited only as indicated by the scope of the claims 
appended hereto. 

10 Thus, while there have shown and described and pointed out fundamental 

novel features of the invention as applied to a preferred embodiment thereof, it will 
be understood that various omissions and substitutions and changes in the form and 
details of the devices illustrated, and in their operation, may be made by those skilled 
in the art without departing from the spirit of the invention. For example, it is 

15 expressly intended that all oombnnlkma of those elements and/or method steps which 
perform substantially the same function in substantially the same way to achieve the 
same results are within me scope of the irrventian. Moreover, it should be recognized 
mat structures and/or dements and/or method steps shown and/or described in 
connect ion with any disclosed form or embodiment of the invention may be 

20 incorporated in any other disclosed or described or suggested form or embodiment as 
a general matter of design choice. It is the rntefflion. therefore, to be limited only as 
ind i ca ted hy the scope of the claims Ap pended hereto. 


4. Brief Descjiptica cf Drawings 
Wr i tt cd abeve . 
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I Abstract 

A package for hermetically sealing a mkro-electxomcchaiiical systems 
(MEMS) device in a hybrid circuit comprise a firewall formed on a substrate for the 

5 MEMS device and which has a height A*fimv% a cavity of the package in which the 
MEMS device will be sealed. A second substrate spaced from the first substrate 
hermetically seals die cavity when the second substrate is flip-chip bonded to the first 
substrate and soldered to the first substrate with a thin firm metal material placed on at 
least a top portion of the firewall. The resulting firewall MEMS device package can 

10 be farther packaged using conventional CMOS p af * a C l '"& techniques. By 
hcnnetkally sealing the cavity, me enclosed MEMS device is protected from 
deleterious conditions found in die environment of c mm en ti imsi CMOS packaging 
techniques which is often detrimental to MEMS device function. 


2 tepreseota tife Drawing 
Figure 1 


